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Subject: Backwater investigations of the  Columbia River Reselcv0i.r 

The construction of Grand Coulee Dam created the problem of 
excessive backwater up the r i v e r  channel through the Internat ional  
Boundary. Channel improvements i n  the a rea  of the  L i t t l e  Dalles were 
made i n  order t o  reduce the backwater conditions caused by the 
construction of the dam. 

The purpose of t h i s  study i s  t o  compsre the actual  backwater 
conditions on the Columbia River a t  the In te rns t iona l  Boundary and 
through the Li. t t le Dalles due t o  the presence of Grand Coulee Dam and 
channel improvements with the backwater conditions predicted from com- 
putations made pr ior  t o  the  abcve construction with the assistance of 
observations on a hydraulic model. A comparison is  a l s o  made of the  
backwater conditions pr ior  t o  and a f t e r  the construction of Grand Coulee 
Dam and channel improvements. 

CONCLUSIONS 

A very close correla t ion was obtained between the f i e l d  
observations and the model-computation predictions f o r  t he  backwater 
conditions through the L i t t l e  Dalles and at the Internat ional  Boundary 
on the  Columbia River. 

The construction of Grand Coulee Dam on the Columbia River 
ra ised the problem of excessive backwater a t  the Internat ional  Boundary 
and between the  Internat ional  Boundary and the upper end of a r e s t r i c t ed  
sect ion of River Channel known as the L i t t l e  Dalles. The or iginal  inves- 
t iga t ions  were made t o  determine these backwater conditions i n  advance 
and t o  develop a plan of channel improvement t o  re l ieve excessive amounts 



the L i t t l e  Dalles hydraulic-model, indicated tha t  channel improvements 
i n  the  res t r ic ted  section of the  r i v e r  should be made. Excavation t o  an 
elevation of 1255 was performed i n  the L i t t l e  Dallee i n  accordance with 
Excavation Plan 5, Hydraulic Laboratory Report No. ~yd-89 dated 
December 10, 1940. The Location Map, Figure 1, shows the locations of 
Grand Coulee Dam, the L i t t l e  DalPes with Observation Stat ions  11 and 13, 
and Observation Stat ion 2 at the International Boundary. Figure 2 i s  a 
topoeraphic map showing the o r ig ins l  d e t a i l s  of the  L i t t l e  Dales, while 
Figure 3 shows Excavation Plan 5 f o r  the L i t t l e  Dalles.  

Because of the uncertainty of the  predictions which were 
necessarily based on meeger information, advantsge was taken of the  
opportunity t o  u t i l i z e  f i e l d  measurements obtained a f t e r  construction t o  
ver i fy  the model studies and the computations. 

A discussion by D. C. McConaughy of the paper mConformity 
betcisen Model and Prototype : A Symposium" ( ~ r a n s a c t i o n s  of the A.S .C .E., 
No. 109, 1944, pp 148-150) presented the then available data  on the 
model-prototype comparison for this Grand Coulee backwater study. 
Comparisons in  t h a t  discussion u t i l i zed  dcta  f o r  discharges between 
94,700 and 276,000 second f ee t ,  while t h i s  present report  u t i l i z e s  data 
f o r  discharg5s between 200,008 and 550,000 second f e e t .  

COMPUTATIONS AHD LABORATOW SNDIES 

Computations and laboratory studies were made during the year 
1940. Three ~ r s u l i c  Laboratory reports, writ ten by W. M. Borland and 
R. A.  Goodpasture and en t i t l ed  "Backwatk Investigations of the  Columbia 
River Reservoir," described the  work i n  d e t a i l .  The preliminary report, 
~yd-82, is dated May 27, 1940. The intermediate report ,  ~yd-87, is 
dated November 28, 1940, while the th i rd  rurd f i n a l  report, v-89, is 
dated December 10, 1940. This f i n s l  report is  complete i n  itself and 
covers the  en t i r e  i n v e s t i ~ t i o n  i n  de t a i l .  

Duping the  investigation of the hydraulic properties of the  
Columbia River between Grand Coulee and the  Internat ional  Boundary, it 
w a s  foulad theit the roughness coeff ic ient ,  "n," i n  the Kutter-Chezy 
formula varied with both the discharge and the r iver  stage. Tk~erefore, 
backueter computations were made uaing both 3'naturalm and 'Cbacbbwatern 
roughness coeff ic ients ,  The "naturalm coeff ic ients  were base? on the  
assumption tha t  t he  value of "nm varied only with the discharge, while 
the  "backwater" coeff ic ients  were aseumed t o  vary only with stage. A t  
the  higher flaws and stages the  "mturaJm and the "backwaterm coeffi- 
c i en t s  we= ident ical .  Computed r e su l t s  u ~ i n g  both types of roughness 
coeff ic ients  aa compared, i n  t h i s  report, with the  field observations. 



Pertinent f i e l d  da ta  available f o r  use i n  making the comparisons 
with the computed r e su l t s  consisted of (1) Columbia River discharge meas- 
urements at the  Internat ional  Boundary, (2) Columbia River gage elevations 
f o r  various s ta t ions  between the reservoir  and the Internat ional  Boundary, 
and (3)  the reservoir  elevations at Grand Coulee Dam. These data  a re  f o r  
the  flood years of 1943, 1946, and 1948. Inasmuch as a l l  computations 
were made assuming the reservoir  t o  be at elevation lZ!gO.OO, the f i e l d  
observations used were r e s t r i c t ed  t o  data  obtained with the reservoir  
elevation a t  1290 plus or  minus 0.25 foot .  It i s  assumed that flows a re  
the  same at a l l  three s ta t ions  involved i n  t h i s  report .  Any inflow t h a t  
did  occur between the Internat ional  Boundary and the Lower end of 
L i t t l e  Dalles was considered negligible. This assumption i s  discussed 
i n  d e t a i l  i n  the three p r io r  reports.  

The discharge and stage data at the Internat ional  Boundary were 
obtained from a Geological Survey gaging s ta t ion,  while the water stage 
da ta  a t  the L i t t l e  Dalles were obtained from Bureau of Reclamation 
s ta t ions .  

COMPARISON OF PREDICTED AND ACTUAL BACKWATER CONDITIONS 

Stat ion 2--International Boundary. A t  the  Internat ional  
Boundary ( s t a t i on  2) there was a very close correla t ion between the  com- 
puted backwater and the observed backwater elevations a s  shown i n  Figure 
4. For discharges under 360,000 eecond f e e t  the  f i e l d  observations follow 
very closely the computed values based on the "backwatern r~ughness  
coefficients.  Above t h i s  diecharge Rbackwaterw and "naturalw roughness 
coeff ic ients  give iden t ica l  resul ts .  Maximum deviation between computed 
and observed values is  one-half foot. 

Stat ion Il--Upper end of the  L i t t l e  Dalles. The backwater 
elevations a t  Stat ion 11 near the upper extremity of the L i t t l e  Dalles 
follow a similar pat tern t o  t h a t  of Stat ion 2 a t  the  Internat ional  
Boundary. The maximum deviation of the observed values from the computed 
ones i s  one-half foot .  

Stat ion 13--lower end of the  L i t t l e  Dalles. The correla t ion 
between predictions and observations at Station 13 at the lower end of 
the  ~ i t t l e  Dalles is not as close a s  t h a t  at s t a t i ons  2 and 11. The 
observed values average approximately 1 foot lower than the predicted 
values, Figure 4. 



Stanl;ion 2--International Boundarz. Figure 5 compares f i e l d  
observations of backwater ccr~ditions pr ior  t o  the Grand Coulee develop- 
ment, which includes excavation st the L i t t l e  Dalles, with similar 
obeematione made a f t e r  the canpletion of the development. Up t o  a 
discharge of 350,000 second f e e t  zhe water-eurface elevations at the 
International Boundary were from 0 t o  1 foot higher a f t e r  the campletlon 
of the development. However, a t  higher discharges the water-surface 
elevations were appiaciably lower a f t e r  the completion of the develop- 
ment. A t  a. discharge of 550,000 second f e e t  the r iver  stsge was lowered 
1.4 f e e t  by the channel imprrovements. 

Station 11--Upper end of the L i t t l e  Ddles .  The e f fec t  of the 
1290 reservoir elevation is  very noticeable in the before and after 
development backwater comparisons a t  Station 11, FPgdre 5. Up t o  a 
diecharge of 390,000 second fee t  the reservoir elevation is the control- 
l ing  factor  and the water-surface elevations are higher after the com- 
pletion of the development. A t  higher discharges the L i t t l e  Dallee 
excavtxtion controls and the water surface becomes lower after the cm- 
pletion of the development. A t  a discharge of 550,000 second f e e t  the 
water surface is lower by 6 fee t .  

Station 13--lower end of the L i t t l e  Dalles. Figure 5 shows 
tha t  f o r  a l l  Cischarges the water-surface elevations w r e  higher after 
the c a p l e t i o n  of the Grand Coulee development. This i s  due t o  the 1290 
elevation of the reservoir. 

1 

PHOMGRAPHIC COMPARISOtJS OF THE UTTLE DALLES 
BEFORE AND AFTER EXCAVATION 

Figures 6 t o  14, inclusive, are photographs taken before and 
after the excavation st the L i t t l e  Dalfee. Four photographs show the 
conditions pr ior  t o  excavation, while three photographs show the condi- 
t ions after the excavation work was completed. The two remaining 
photographs are of the 1 t o  120 scale model and show the excavated 
conditions. The photographs, together with the t i t l e s ,  are  self-  
explanatory. 
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COLUMBlA R I V E R  BACKWA'TER S T U D I E S  
WATER SURFACE ELEVATIONS 

COMPARISON B E F C  AND AFTER GRAND COULEE DEVELOPMENr 



This general view of the Little Dalles shows the hydraulic flow conditions prior to the 
construction of Grand Coulee Dam and prior to the excavation work through the Little 
Dalles. The discharge at the time the photograph was made was 330,600 second-feet. 



This general view of the Little Dalles was taken on March 26, 1941 when the excavation 
work was practically completed. The r iver  discharge at this t ime was 40,000 second- 
feet.  Figure 8 shows a s imi lar  view of the Little Dalles taken prior to the excavation 
work. @I-861-1) 



This view of the Little Dalles, lookbg upstream, was taken prior to the excavation 
work when the river was discharging 50.000 second-feet. Figure 7 shows a similar 
view taken when the excavation work was practically completed. 







The entrance conditions at the Little Ddles  prior to any excavation work for a discharge 
of 330, 600 second-foot are shown in this photograph. Figure I 2 shows a similar view of 
the Little Dalles. taken after the excavation work was performed. 



This photograph of the Little Dalles, looking upstream, was taken on June 10, 1941 
after the excavation work was completed. The r iver  flow was 170,000 second-feet. 
Figure I I  showing another view from a similar vantage point d isc loses  theconditions 
prior to the excavation work. (H-861-4) 



7 . 1 1 ~  entrancfs conditir)ns at tile Litllc. Da l l c s  pleior to any cxc:avation work is stluwn ill 
th i s  figli1.e. l 'bc  river flclw at the l i l l ~ c  was 30, 000 second-Icc~.  A s i n l i l ? ~ .  view, L ~ ~ F I I  
a f t er  tllc escavat iun ra* :  curnpletcd, is slluivn ill figtire 14 . ( l l -n( i  1-31 



This photograph of the entrance to the Little Dalles (looking downstream) was taken on 
April 1, 1941 at the completion of the excavation work when the r iver  flow was 40, 000 
second-feet. F i y r e  13 shows a s imi lar  view of the Little Dalles taken prior to the 
excavation work. (H-861-2) 


